Changes in coloration enable animals to refine their camouflage to match different visual 8 backgrounds, responding to spatial and temporal changes in the environment. Such 9 plasticity provides ecological benefits and could be exploited to support conservation or 10 stock enhancement efforts. One application could be to ensure that hatchery-reared animals, 11 reared to stock wild populations, are appropriately matched to their environment on release. 12 Following crashes in wild European lobster (Homarus gammarus) populations, hatcheries 13 were established across Europe to restock or enhance local lobster stocks by rearing 14 juveniles through their most vulnerable stages, then releasing them into the wild. However, 15 little consideration has yet been given to their camouflage and the implications of matching 16 individuals to the appearance of their release site. This study assesses to what extent 17 juvenile lobsters can change appearance to match their background and whether hatchery 18 practices can be altered to enhance lobster camouflage and potentially survivorship in the 19 wild. We test this by switching individuals between black or white backgrounds in the 20 laboratory and monitoring their coloration over time. We show that juvenile lobsters are 21 capable of changes in luminance (perceived lightness) to better match their background over 22 2-3 weeks. These changes potentially correspond to improved camouflage, based on a 23 model of predator (fish, Pollachius pollachius) vision. Over a longer period (5 weeks), 24 This is a preprint, not the final peer-reviewed article 2 lobsters maintained on either black or white backgrounds converged on the same darker 25 coloration, likely due to ontogenetic (developmental) changes. Overall, our results indicate 26 that hatcheries could rear lobsters on backgrounds that better match the habitat into which 27 they will be released, but such manipulations should be considered in the context of 28 ontogenetic changes and the timing of release. We recommend rearing individuals on 29 darker, more natural-coloured substrates throughout their early benthic phase in order to 30 maximise the benefits of camouflage on release into the wild. This could potentially increase 31 juvenile survival during the critical days immediately after their release. The findings highlight 32 the potential benefits of using camouflage and colour change in stocking programmes and 33 aquaculture alike.
Introduction 38
Background matching is one of the most widely used anti-predator defence strategies in Lobsters were housed individually (to prevent harm from aggressive interactions) in 141 containers made from square uPVC gutter pipe (65 mm by 65 mm) cut to 60 mm lengths 142 and covered with a mesh base to allow water through (Fig. S1 ). All containers were fixed to 143 corner braces and suspended within the tank above waterproof paper corresponding to the 144 experimental treatment (a black or white background). Each juvenile was fed one formulated 145 pellet (1.5 mm diameter -formula undisclosed) daily, in accordance with the NLH feeding 146 regime. Any uneaten food was removed the following day. Tanks were cleaned and half the 147 water was changed twice weekly to limit the build up of bacteria and algae in the tanks. The 148 light regime was set to 12 hours of light and 12 hours of darkness, with lights on from 07:30 149 to 19:30. Where handling was required, lobsters were pipetted between containers using a 150 modified turkey baster, following the approach used by NLH.
151
Experiment protocol 152 To determine the capacity of lobsters for background matching, juvenile lobsters were 153 randomly assigned to either a black or a white compartment for a 2.5 or 5-week period.
154
Individuals were photographed to determine their initial luminance (lightness as perceived by 155 a particular predator), and then photographed at various intervals (described below) to Table S1 for model output). After 3 hours of exposure ( Fig. S2) , there was no (Fig. 2a) , with individuals on a darker background as 243 dark as those on a light one, on average (t-test: t = 1.06, d.f. = 37, p = 0.298), (Fig. 2b) . Despite initially darkening over time ( Fig. 2a,b) , lobsters showed some plasticity in their 274 ability to change luminance when switched to the alternative background type, with a ( Fig. 2c ). Those on a black background darkened whereas those on a light background 277 became lighter, on average (t-test: t = 2.45, d.f. = 32, p = 0.020), (Fig. 2d ). The full model 278 containing the interaction between time and background was significantly better than simpler 279 alternatives (ANOVA: Chi-sq = 5.27, d.f. = 1, p = 0.022); model parameters are detailed in 280 Table 2b .
281
The initial darkening observed in both treatments (Fig 2a,b) corresponds to a significant 282 decrease in camouflage over time for lobsters on a white background (GLM: t = 10.14, d.f. = 283 19, p < 0.001), (Fig. 3a) and a significant increase in camouflage for those initially placed on 284 a black background (GLM: t = 13.65, d.f. = 19, p < 0.001), (Fig. 3b) . In both cases, the full 285 model was a significantly better explainer for the variation in camouflage than simpler 286 alternatives (ANOVAwhite: Chi-sq = 40.68, d.f. = 1, p = <0.001; ANOVAblack: Chi-sq = 62.55, 287 d.f. = 1, p = <0.001).
288
Plastic changes in coloration (Fig. 2c,d) corresponded to a small but significant increase in 289 camouflage over time for those on a white background (GLM: t = 2.45, d.f. = 36, p = 0.020), 290 ( Fig. 3c ), but no change in camouflage for those on a black background (GLM: t = 13.38, d.f.
291
= 18, p < 0.001), (Fig. 3d) , with no significant change in background matching over time 292 (ANOVA: Chi-sq = 0.46, d.f. = 1, p = 0.499), likely because individuals were already quite 293 dark (Fig. 3) . Individuals allocated to a black background were already well matched to their 294 surroundings at the start of the plastic trial (JND close to one, Fig. 3d ). Model parameters 295 are detailed in Table 3 (see Table S2 for mean JNDs). Table 3 . and decrease in detectability for those on a black one (GLM: t = 6.34, d.f. = 56, p < 0.001), 335 ( Fig. 5b) . Model parameters are summarised in Table 5 . 
336

355
Central lines are medians, boxes are interquartile ranges and whiskers are 95% quartiles.
356
JNDs are calculated according to pollack vision. Note that a decline in JND corresponds to 357 an increase in camouflage. Model parameters are detailed in Table 5 . Juvenile European lobsters show no significant change in coloration in response to their 371 background in the short-term (3 hours, Fig. S2 ). The absence of rapid camouflage in this 372 species explains, in part, why mortality due to predation is so great in the first 24 hours 373 following release into the wild (van der Meeren, 2000) . Given that individuals do not change 374 their coloration rapidly, if they are reared on substrates that are not representative of the 375 natural environment, it is likely that they will stand out in the wild, making them an easy 376 target for predators (van der Meeren, 2000) . When transferred to a new substrate, 377 individuals became lighter on a white background and darker on a black one over 2-3 weeks 378 ( Fig. 2c,d, Fig. 3 ). This response shows that juvenile European lobsters are capable of some 379 degree of plastic background matching and, over time, have the potential to become 380 increasingly difficult to discern from their surroundings (Fig. 3) . However, some of the changes in discriminability are small (less than 1 JND for those on a white background), so
Building on this, further work should test the capacity of early benthic phase larvae to match
